Pediatric AIDS typically follows transmission of human immunodeficiency virus type 1 (HIV-1) from infected mothers to their offspring. The possibility that infected maternal-origin cells serve as a conveyance for mother-to-child HIV-1 transmission was investigated in a rabbit infection model. Administration of HIV-1-infected human T cells to pregnant rabbits was followed by evaluation of offspring, from newborn to 1.5 years of age. HIV-1 was detected in 11 of 19 vaginally delivered offspring born to mothers given infected cells during gestation. Interstitial pneumonias or lymphoid organ lesions, similar to those seen in human pediatric AIDS, occurred in some offspring. Persistence of inoculum cell (HLA)-specific gene sequences in offspring indicated that vertical transmission can be effected by T cell-associated virus. These results along with features of rabbit biology, including primate-type placentation, short gestation, and delivery of litters, suggest that the rabbit model is advantageous for studies of perinatal HIV-1 transmission.
Human immunodeficiency virus type 1 (HIV-1) transmission perinatal HIV-1 transmission has not been studied. The ability to transmit HIV-1 infection horizontally among rabbits [18, from mother to child is a major factor in pediatric AIDS [1] . Transmission can occur in utero [2] [3] [4] , around the time of birth 22] coupled with the presence of primate-type (hemochorial) placentation in a species capable of multigerminal births (lit-(peri-or intrapartum) [5] , or postnatally (chiefly from ingestion of breast milk) [6] . Perinatal transmission rates vary from 0 to ters) following a relatively short gestation period (average, 31 days) [25] prompted this evaluation of maternal-infant HIV-1 ú40% of births from seropositive mothers and are influenced by the health of the HIV-1-infected mother, maternal CD4 T transmission in laboratory rabbits. cell level, maternal virus load, injection drug use, duration of membrane rupture, prematurity, low infant birth weight, and vaginal delivery [5, 7] . Although zidovudine chemotherapy [8] Materials and Methods can reduce HIV-1 transmission rates from mother to child by ú60%, further study of perinatal virus transmission is needed
HIV-1 inoculation of pregnant rabbits. Five Pasteurella-free
to explore transmission mechanisms and to develop more unifemale New Zealand White rabbits with proven breeding histories versally applicable methods of prevention [9] .
(Hazelton, Denver, PA) were bred on study days 0 and 1. Three of these rabbits were inoculated with HIV-1 twice (study days 1 Perinatal transmission of retroviruses has been investigated and 24) . Two pregnant control rabbits given equivalent doses of in animal models [10] . Simian immunodeficiency virus (SIV)-uninfected inoculum were inoculated on the same schedule.
infected pregnant rhesus monkeys transmit virus to infants in Inocula were established by incubating human A3.01 T cells a minority of deliveries, resulting in few opportunities to study [26] (10 7 /mL) with medium containing HIV-1 lai [27] tion has been reported for chimpanzees [16, 17] , rabbits [18- the marginal vein of the ear.
22], and pigtail macaques [23, 24] , experimentally controlled
Clinical evaluations. All study animals were observed daily, and blood samples and body weights were taken periodically. Rabbits were examined by necropsy at various specific ages or following death. Tissues were divided and portions were preserved for PCR, fixed (10% phosphate-buffered formalin, pH 7.4), and pro- tested by immunoblot (HIV-1 Western blot kit; Cambridge Bioificity controls were established by diluting 8E5 cells (human T lymphoblastoid cell line containing a singly integrated HIV provitech, Worcester, MA) as described [22] .
Gene amplification, hybridization, and sequence analyses. . Reagent negative controls included all reagents laboratories dedicated for DNA extractions and for setting up all thermocycling reactions, as recommended [29] . Each set of PCR without sample DNA. Only specimens reactive with HIV primers representing two distinct gene regions were reported to be HIVspecimens, including positive and negative reaction controls, was amplified in a third laboratory. Positive HIV-1 sensitivity and specpositive. DNA quality was ensured by amplification of b-actin or rabbit class I major histocompatibility complex (MHC I) in all samples nonreactive with other primers. Conditions for gene amplification of HIV-1 gag and tat were optimized using primer sets SK38/SK39 and QC42/QC43, respec- Figure 1 . Evidence of HIV-1 infection in rabbit mothers. A, Matively, on the basis of methods described [31] Only that region containing detectable sequence differences between nt 7571 and 7645 (numbered according to HIV lai sequence) [27] , coinciding with region between V4 and V5 loops, is shown. No differences were detected in region corresponding to V3 loop of HIV env. Specimens used to derive HIV sequence included inoculum used for rabbit K155P as well as amplified env from thymus of both rabbit mother K155P and female offspring from her litter, designated K155P-3. Two sequences (designated 1 and 2) occurred in human A3.01 T cell line inoculum. Dashes indicate nucleotide identity.
to HIV-1-positive mothers, HLA sequences were found in organs harboring HIV-1 as well as in organs in which no HIV-1 was detected (figure 3). The inoculum HLA sequences were detected in the thymus of an infant born to an uninfected mother (2002P) inoculated with uninfected A3.01 T cells (figure 3).
Lesions in infant rabbits born to HIV-1-positive mothers. Rabbit infants born to either HIV-1-positive or -negative mothers were examined at death or at selected ages from term stillbirth up to Ç1.5 years. Visceral organs (with the exception of brain) were selected for analysis. Abnormalities in offspring that in some cases resulted in marked lymphoid depletion (fighuman T cell line determined by these methods was identical to that previously reported [26] .
ure 4D, E).
In addition to lymph node and thymic atrophy, considered end stages of lymphocyte depletion observed typically in rabResults bits dying spontaneously, there were other, more subtle changes in the thymuses of some rabbits born to HIV-1-positive mothEvaluation of perinatal HIV-1 transmission in rabbits. Pregnant New Zealand White rabbits were inoculated twice with ers. These thymic lesions most closely represented accelerated atypical involution (precocious dysinvolution), characterized HIV-1-infected (3 rabbits) or uninfected (2 rabbits) human T cells during gestation and allowed to raise vaginally delivered by cortex and medullary asymmetry, focal reductions in thymus tissue, and marked paucity or absence of thymic epithelium infants (table 1). Each rabbit mother had a full-term pregnancy and delivered infants with appropriate neonatal morphogenesis.
(Hassall's corpuscles) ( figure 4F ). Dysplastic changes were observed in lymphoid organs of stillborn infants born to HIVOne of these litters, born to mother K154P, was found stillborn after 35 days of gestation. HIV-1 was detected in spleen, thy-1-positive rabbit K154P ( figure 4G ). Special histochemical stains applied to representative afmus, or lymph node in all 3 HIV-1-inoculated mothers by probe-specific hybridization of PCR-amplified products of viral fected tissue sections did not reveal unequivocal evidence of secondary agents, and HIV-1 was not isolated from selected genes and additionally by the presence of virus-specific serum antibodies in 2 of 3 HIV-1-inoculated mothers (figure 1).
organs by in vitro culture methods. Klebsiella pneumoniae was isolated as a cause of septicemia in 1 case. In no case were Evidence of vertical HIV-1 transmission by infected T cells. Twenty-eight of 34 delivered infants from 5 rabbit litters were pathologic changes observed in offspring of control rabbits inoculated with uninfected human T cells (table 1) . examined at different ages for evidence of HIV-1 infection (table 1). HIV-1 was detected in lymphoid tissues of 11 of 19 offspring born to 3 HIV-1-positive rabbit mothers but not Discussion in any infants from uninfected mothers (table 1, figure 2A) . Comparison of rabbit offspring organ DNA samples to reaction By use of a rabbit model for perinatal HIV infection, this study investigated the possibility that HIV-1-infected cells controls indicated that ú1000 copies of HIV tat sequence were present in the 1 mg of DNA tested ( figure 2A) . HIV-1 env originating in the mother could serve as the source of HIV-1 in cases of pediatric AIDS. HIV-1 was detected in offspring sequence analyses from one mother-daughter pair revealed no significant differences within this gene region in the transmitted of various ages; all received a common-source exposure from mothers inoculated with cell-associated virus. The presence of virus (figure 2B).
To determine whether HIV-1-infected cells originating from human T cell inoculum HLA sequences in offspring indicates that maternal-to-infant transmission included conveyance to the the mother (as the inoculum) serve to convey HIV-1 to the infants, lymphoid organ DNA from selected infants was suboffspring of T cells given to the mother. The findings implicate direct passage of T cells as a mechanism of virus transmission. jected to PCR using HLA A1 and Cw7 primers, corresponding to A3.01 T cell inoculum HLA alleles. quences may have resulted from transmission of cell-free virus sions; absence of many potential disease agents in the colony, maintained under specific pathogen-free conditions, reduces or non-T cell-associated HIV-1 or may simply reflect limits of HLA detectability.
the opportunity for their role. Diffuse thymic atrophy and thymic dysinvolution with conLesions observed in rabbit offspring of HIV-infected mothers represent disease conditions similar to those occurring in spicuous reductions of medullary epithelium in particular mimicked AIDS [35, [38] [39] [40] . Lymphoid organ lesions observed in pediatric AIDS [34] [35] [36] [37] . Interstitial pneumonias included focally aggregated lymphoid tissue but predominantly comprised rabbit offspring also had similarity to human severe combined immunodeficiency and graft-versus-host diseases [35] . Transmacrophages and admixed lymphocytes with occasional granulomas. While these were morphologically distinguishable from mitted A3.01 HLA sequences were found in the absence of any lesions in control offspring born to uninfected mothers, lymphocyte-predominant interstitial pneumonia [36] , there were similarities. No evidence of opportunistic agents, such as making it very unlikely that xenogenetically transferred immortalized T cells induce injury in rabbit offspring receiving the Pneumocystis carinii, was detected to explain pulmonary le-cells from their mothers. Thus, arguments for immune injury gests transplacental transmission in rabbits is possible in some instances. The present study design does not provide clear data mediated by reaction against uninfected xenogeneic cells are untenable.
on timing, but the system can be manipulated to obtain such data. Even though rabbits conventionally develop HIV infecClinical findings, including increased infant mortality, interstitial pneumonias, and lymphocyte depletion in offspring born tions with low efficiency, giving rise to certain limitations yet to be circumvented for use of this host as an AIDS model, the to HIV-1-positive mothers, indicate that immunodeficiencylike disease occurred. On the basis of findings in control anibiology of HIV-1 transmission appears to be closely modeled in rabbits. This experimental system should prove suitable for mals, it is likely that these changes were a consequence of receiving HIV from the mother. Inability to document addiadditional studies of pathogenesis and the efficacy and safety of preventions of mother-to-child HIV-1 transmission. Future tional virologic and immunologic indicators of infection in the offspring suggests that limited infections resulted, as has been studies will be directed to defining timing of transmission, cell trafficking, and mechanisms of transferal as well as assessing reported previously for HIV-1 in rabbits [20] [21] [22] . A recent in vitro study [41] documents the fact that rabbit infection provirus and host factors associated with transmission. It is hoped that these efforts will ultimately lead to development of means ceeds slowly and pinpoints early events in the infection cycle as factors in the low efficiency. In addition, the ability to detect to interrupt transmission. infection can be influenced by virus strain [16] and by variable propensity of different organs to produce virus [42] . Precedence
